' Note on nomenclature : three terms are currently used, differing in their operational meaning, to define the same or related entities : (a) la-like antigens or molecules, (b) B-cell-specific antigens, and (c) HLA-DR antigens . We refer to Ia-like antigens as molecules possessing similar structures and tissue distribution as murine Ia antigens. The term B-cell-specific antigens will be used to generally indicate antigenic specificity present on B but not on T lymphocytes, irrespective of their representation on other cells. HLA-DR antigens (D locus related antigens) is a much more specific term indicating these alloantigenic determinants recognized by the clusters of antisera sorted out by the analysis of the data obtained during the VII Histocompatibility Workshop (3) and possessing a very high correlation with HLA-D locus specificities as defined by mixed lymphocyte culture reactions. Terms (a) and (b) will become equivalent only if all the alloantigenic specificities found on B but not on T lymphocytes will be shown to reside on the same molecular species and to have the same tissue distribution . Terms (b) and (c) can become synonyms only if the hypothesis of a single HLA-linked locus specifying all B-cell alloantigenic structures is true .
Renex 30 (Ruger Chemical Co ., Irvington, N . J .)-solubilized membrane materials of Daudi cells by the method described previously (7) were radioiodinated and further purified by a series of procedures that involved enzymatic cleavage with papain (13) .
Crude cell membranes were isolated by differential centrifugation from 10 g of Daudi cells (=5 X 109 cells) disrupted by nitrogen decompression (800 pound per square inch) (14) . The crude membranes (wet weight 1 .3 g) were homogenized with four parts of 2% Renex 30 in TrisHCl buffer (iris 0 .075 M, pH 7 .8) . After standing for 30 min at room temperature, the homogenate was centrifuged at 105,000 g for 60 min and the supernate was harvested . This solubilization process was repeated twice and the supernates were combined. The yield in A280 units was 172 .
The Renex 30-solubilized membrane materials were then subjected to affinity chromatography on a Lens culinaris hemagglutinin (LcH)-coupled Sepharose column (LcH 4 mg/ml gel, bed vol 5 ml) . The retarded fraction was eluted with a 2% mannoside solution . The recovery of A28o units in the retarded fraction was 4 .8. The major portion of the retarded fraction was then fractionated by gel filtration on a Bio-Gel A1 .5 M column (bed vol 100 ml) . The human la activity, as assayed by the radioimmune inhibition assay (7), was found in fractions corresponding to about 200,000 daltons . The major fractions were pooled . The yield in A28o units was 0 .41 .
A small amount (0 .014 A28o units) of the pool was labeled with radioactive iodine-125I by the chloramine-T method to give a specific radioactivity of about 20 mCi/A28o unit (15) . The radiolabeled preparation was digested with papain in the presence of a carrier protein at 37°C for 30 min . The ratio of enzyme to substrate (1 .0 ml of a 7 .34 A280 units/ml carrier protein solution) was 1 :40 . The carrier protein used was the LcH unretarded fraction of Renex 30-solubilized membrane materials of Daudi cells. It was used after exposure to pH 2 .3 for 30 min . This carrier did not contain any human Ia antigens, because la molecules are mostly removed on LcH affinity chromatography and are labile at acid pH (7) . Papain digestion split a substantial proportion of contaminants and also some of the Ia molecules leaving the remaining intact and thus increasing the purity of the preparation (13) . After gel filtration of a Bio-Gel A1 .5 M column (bed vol 50 ml), the separated modified Ia molecules (i .e . papain-split fractions) were further purified by LcH affinity chromatography as described previously (7) .
Antisera . Heteroantisera used were the following : rabbit anti-#2-microglobulin antiserum raised against a purified preparation of human,82-microglobulin (16) , rabbit anti-HLA (A,B,C) antiserum raised against a purified preparation of papain-solubilized HLA antigens (17) , rabbit TABLE I Synopsis of Relevant Antisera * This is indicated for those antisera which were studied during the VII International Histocompatibility Workshop . More information on these sera can be obtained in the Workshop report (Histocompatibility testing 1977, in press) .
$ Specificity either derived from the Workshop results or indicated by the laboratory of origin from the serological reactions in a local typed panel. § This column indicates the specificities that can be detected in these antisera when reacted with a purified Daudi Ia preparation . Each antiserum may obviously possess additional specificities .
anti-Fab fragments of normal human IgG, rabbit anti-B-cell membrane antiserum produced by immunization with crude membrane materials of a B-cell type cell line, RPMI-8235 (7), rabbit anti-B-cell glycoprotein antiserum raised against a crude preparation of membrane glycoproteins with LcH affinity obtained from a B-cell type cell line, B46M (7) . In addition, rabbit anti-P23 .30 antiserum that is specific to B-cell-specific antigens (5) was used . This was kindly provided to us by Dr . R. E. Humphreys, University of Massachusetts Medical School, Worcester, Mass .
Most of the alloantisera used in this work was obtained by planned immunization of blood donor volunteers selected according to their HLA phenotype. Details on this extensive immunization program have been previously reported (18, 19) . Other reagents have been obtained by serum exchanges with other laboratories or from the NIH serum bank. All antisera were used without prior absorption with platelets. The antisera listed in Table I In experiments made either to determine the maximal proportion of Ia molecules which could be bound by a given antiserum or made to determine the relationship between the Ia molecules bound by the different antisera (cross-absorption experiments) the following procedure was used : the first binding step was carried out on 250,000 cpm of antigen with 50111 of antiserum for 2 h at 37°C. After addition of 350111 of goat anti-human IgG serum and further incubation at 37°C for 30 min, the precipitate was washed and assayed for radioactivity . The percentage of radioactivity bound was calculated with reference to the radioactivity bound by rabbit anti-B-cell membrane antiserum on the starting material .
The supernate recovered after the first absorption was combined with a second 50-111 portion of the same antiserum and incubated overnight at room temperature (second binding step) . No precipitate formed, a result in agreement with our previous determination that no goat antihuman IgG antibody remained in the supernate. After another addition of 35011l of goat antihuman IgG serum and further incubation (30 min, 37°C), the precipitate was washed and counted and the percentage of radioactivity bound calculated relative to the radioactivity bound by the rabbit anti-B-cell membrane antiserum on a portion of the supernate recovered after the first binding step . This percent of binding was expressed as fractional binding of the starting preparation; e.g., if the first binding was 19 .4% of the total present and the second binding was 7.1% of the total present at that time, then the latter, relative to the starting preparation, is 0.71 X (100 -19 .4) = 5.7%, and the cumulative binding after two steps is 19 .4 + 5.7 = 25 .1 . In cross-absorption experiments, portions of the supernate after the second binding step were allowed to react with different antisera under the same conditions . Cytotoxicity Test . The ethidium bromide method (21) was used . Due to the peculiar sensitivity of cultured lymphoblastoid cells, the following precautions were adopted : (a) Daudi cells were harvested during early exponential growth, (b) complement was selected for its minimal cytotoxic effect with control sera coupled with a clear effect using antisera of different strength, (c) incubation times were shortened, as compared with those used for cytotoxicity test with normal peripheral blood lymphocytes, to decrease the background killing in the presence of complement .
The test was performed by adding 1 111 of cell suspension (1,000 cells) to 1 111 of undiluted antisera . After a 30-min incubation at room temperature, 1 111 of complement (undiluted rabbit serum) was added. After a further 30 min incubation, 1 ,ul of a 0.01% ethidium bromide solution was added and the dead cells were determined by their fluorescence . Live cells were determined as the difference between this number of dead cells and the total number of live and dead cells as determined under normal light. Percentages of dead cells were assigned on the basis of two independent readings . Scores were then assigned in the following way : score 1 : 0-30%v killing, 2: 30-50%, 3: 50-70%, and 4: 70-100%. The background killing controls (complement plus so called normal serum) could not be completely eliminated and amounted to 10-30% . Only scores 3 and 4 were thus considered as significant. 
Antiserum
Percent of radioactivity bound* Equal portions of an 125 I-labeled Daudi la preparation of about 20,000 cpm were incubated with 4 g.I of each rabbit antiserum for 1 h at 37°C. The immune complex was precipitated by an excess of goat anti-rabbit IgG antiserum. The radioactivity in the precipitate was determined and expressed as the percent of the total added radioactivity. The amount of rabbit anti-HLA, anti-N2-microglobulin and anti-Fab fragment antisera was large enough to obtain the maximum level of binding in the reaction with the corresponding antigen preparation. In the case of TO-29-01 and its control, the data obtained by three-step cumulative binding test (Materials and Methods) are given. prepared as described above except that it was not subjected to papain digestion. 400 ltl (9 X 106 cpm) of the labeled preparation was incubated with 50 ltl of a 10% sodium dodecyl sulfate (SDS) solution (no reducing agent was used) for 30 min at 56°C. The mixture was subjected to electrophoresis on a 12% gel (10 X 90 mm) containing 0.1% SDS (22) . The gel was segmented at a 2 mm setting by an automatic gel divider (Gilson Medical Electronics, Inc., Middleton, Wis.) . The separated portions were eluted by incubating each with a 0.5 ml of Tris-HCI buffer (Tris 0.075 M, pH 7.8) containing 0.2% Renex 30 and 0.02% BSA overnight at 4°C.
Results
The Purified Daudi la Preparation . Table II shows the binding properties of the radiolabeled la preparation which was utilized for the subsequent immunological analysis . The purity amounts to about 70%, as determined by two different rabbit anti-la antisera which could specifically recognize B-cell antigens in this preparation. Anti-P 23 .30 antiserum gave approximately the same binding, indicating analogy with the Ia-like substance isolated by Humphreys et al . (5) .
No significant binding was observed with antisera directed against other defined surface markers.
A broadly reacting alloantiserum, TO-29-01, obtained from the NIH serum bank gave a binding similar (after subtraction of control binding) to that shown by rabbit anti-B-cell antisera . After three sequential steps, over 90% of the la molecules were bound by this antiserum, showing that most, if not all, la molecules carry alloantigenic determinants .
Analysis of the immunoprecipitates obtained with the different antisera by SDSpolyacrylamide gel electrophoresis showed a typical la pattern, with two spikes corresponding to a large (32,000 daltons) and a small (25,000 daltons) subunit of human la molecules ( Fig . 1 ) as previously reported (7, 13) . 1-radioactivity peaks. The two major radioactivity peaks correspond to 32,000-dalton and 25,000-dalton subunits of Ia molecules as reported previously (7) . The 1251-radioactivity peak preceding them may be an impurity in case of rabbit anti-B-cell membrane antiserum. In case of TO-29-01, it may be due to undissociated la molecules. In both cases, the last 125I-radioactivity peak is apparently due to a la fragment(s), because the control precipitate prepared with a normal rabbit serum or with a normal human serum did not give such a radioactivity peak (not shown) .
Relationship between Complement-Dependent Cytotoxic Activity against Daudi Cells and
Binding of Purified Daudi la Molecules by Alloantisera . A screening of 270 antisera from different laboratories was performed both by cytotoxicity assay and by direct binding assay. A general agreement was found between the two sets ofdata, as shown in Table  III . Only three instances of positive cytotoxicity reactions were seen which were not coupled to significant la binding activity. On the other hand, at least seven antisera which were shown on repeated tests to be devoid of cytotoxic effect gave a significant la binding . The most evident example was serum Molimer which binds 77 .8% of Ia molecules although being completely inactive in the cytotoxicity test.
All anti-DRw6 antisera tested gave strongly positive reactions on both tests. No positive results were given by the groups of antisera defining the other DR specificities . This agrees with the analysis performed on Daudi cells by different laboratories during the VII Histocompatibility Workshop (3), indicating that DRw6 is the only recognized DR specificity present on Daudi cells. Several antisera possessing anti-DC-1 activity (see below) gave either weak or negative cytotoxic reactions on repeated tests (Table III) .
Immunological Analysis of Daudi la Molecules. The antisera which on the preliminary screening were found to possess significant binding activity were further studied to define as closely as possible (with the limitations due to the generally low avidity of alloantisera) the proportion of Ia molecules that could be maximally bound . To this aim, each antiserum was titrated to find whether a plateau level of the maximum amount of la molecules bound could be obtained . Also, each antiserum was tested in sequential binding experiments with three subsequent additions of equal portions of antiserum . A cumulative binding proportion, as referred to the starting material, was thus determined .
A qualitative comparison between the la molecules bound by the different antisera was then made by reciprocal absorption experiments, i.e. by removing the molecules reacting with one antiserum and testing the remaining material with the other antisera.
Information on the proportion of molecules that each antiserum maximally binds was then combined with information on the specificity of each antiserum derived from the absorption data. A comprehensive picture of the alloantigenic heterogeneity of Daudi la molecules was thus obtained (Fig. 2) . Three components (DRw6, DC-1, and DC-2) were defined with sufficient precision on the basis of different antisera sharing the same reactivity pattern . A portion of la molecules corresponding to about 25-30% of the total (shaded area, Fig . 2 ), remains undefined . Their immunological analysis must await the availability ofother specific antisera. These molecules however do carry alloantigenic determinant, as shown by their reactivity with.antiserum TO-29-01 (Table II) , antiserum Fe 75/29 (Fig. 2) , and antiserum Betz (Fig. 2) . SPECIFICITY DRW6 . Because DRw6 was the only defined DR specificity detected on Daudi cells in the VII Workshop serological analysis, this was a logical starting point . Three antisera were available to us with nominal DRw6 specificity : two were Thorsby's antisera (TH 21 .3.75 and TH 19 Varen 75) and one was from Stastny (antiserum 406, corresponding to VII Workshop antiserum 111) . In addition, an antiserum from Engelfriet, FD 8013P1 was found very similar to the Thorsby's antisera and was classified as an anti-DRw6 . All four antisera were strongly cytotoxic against Daudi cells. When titrated, it was apparent (Fig. 3) that none of the antisera reached a binding plateau at the maximum amount used (10 pl) . A somewhat higher proportion of molecules could be bound by each antiserum by three sequential antiserum additions (Fig. 4) . Antiserum 406 reacted weakly against an additional component (see below) ; the other three antisera, which were considered as representative of the DRw6 specificity gave an average cumulative binding of 30.2% (27.0, 29.2, 34.5) . A further attempt to determine the total amount of DRw6-positive molecules was made by 10-fold increasing the antibody-antigen ratio as compared with the highest point in Fig. 3, i. e. by using 20 gl of antiserum instead of 10 and 4,000 cpm of antigen instead of 20,000. Although under these rather extreme conditions unspecific binding may influence the results, the following binding percentages were obtained, TH 21.3.75 : 39.8%, TH 19 Varen 75: 39.0% ; FD 8013 P1 : 34.5% . It can be concluded that, with the limitation due to the low avidity of these antisera, a maximum of 40% of the Daudi Ia molecules, (but, more likely, a proportion lying between 30 and 35%) do carry the DRw6 determinant .
To establish whether the molecules bound by the three antisera were the same, reciprocal absorption experiments were performed . This kind of experiment is complicated if the maximum binding (plateau achieved) is not obtained in the determination with the first antiserum . Even though two antisera may be reacting identically, absorption with one of them is only expected to reduce, not to eliminate the binding by the other . Table IV shows that absorption (two sequential steps) by any of the three antisera produced a strong reduction, as compared to controls, of binding by the other two. Additional proof that the three antisera recognize the same molecules is that their binding is reduced in a parallel fashion by absorption with other more complex antisera : CLB 811 . Table V show that this is a homogeneous group of antisera, recognizing an alloantigenic determinant on Daudi la molecules . This new specificity was called DC-1 . From the cumulative percent of binding obtained by the four antisera, the proportion of molecules carrying DC-1 can be estimated as 24.8% (average of 25.8, 24.8, 25.8, 22.8) . Cross-absorption experiments show that DC-1 and DRw6 are carried by different molecules since absorption with antisera belonging to one group does not significantly reduce, in any of the combinations tested, the binding ofantisera belonging to the other group. Most of the time, such absorption induced an enrichment of the molecules carrying the other determinant and thus an apparent increase of binding (Table VI) .
Anti-DC-1 antibodies were detected in two other antisera, Molimer and CLB 811 .1, by cross-absorption. Both antisera also contain anti-DRw6 antibodies (data not shown) . Although Molimer is a broadly reacting antisera (77.8% of three-steps cumulative binding), CLB 811 .1 appears to be a duo-specific antiserum ofDRw6 and DC-1 specificities because its cumulative binding (51 .6%) fits the sum of DC-1 and DRw6-positive molecules (Fig. 2) . Antiserum 406 also contains anti-DC-1 antibodies which can explain its higher binding, as compared with the other three anti-DRw6 sera (Fig. 3) . Anti-DC-1 specificity was also found in some antisera studied in the VII Histocompatibility Workshop . For such antisera extensive serological data are available, because they have been tested with approximately 14,000 unrelated individuals . As shown in Table VII, all the antisera possess a highly significant correlation with DRw6 specificity .
SPECIFICITY DC-2 . An additional determinant was identified on the basis of cross- Absorption Patterns by Anti-DC-1 Antisera* Note that absorption by any of the four antisera resulted in almost complete elimination, as compared to controls, of binding by all the test antisera . * The experimental procedures are the same as described in Table IV . $ The percentages of la molecules bound to each antiserum are shown in parentheses . Only one absorption step was required for the first two antisera to give essentially complete absorption . § This was calculated as described in Table IV Absorption with Anti-DRw6 Antisera/Test with Anti-DC-1 Antisera* Absorption with anti-DC-1 antisera/test with anti-DRw6 antisera* Note that absorption with antisera belonging to one group does not significantly reduce, in any of the combinations tested, the binding by antisera belonging to the other group. Most of the time, such absorption induced an enrichment of the molecules carrying the other determinant and thus an apparent increase of binding as indicated by "+" sign . * The experimental procedures are the same as described in Table IV . $ The values in parentheses are the same as those given in Table IV and Table V . § This was calculated as described in Table IV . i.e. assuming a component that we provisionally call DC-2, present on 10-12% of la molecules . DC-2-positive molecules can be operationally defined as those reacting with the three antisera 88/37, 75/39, and 67/15, but failing to react with the Betz antiserum .
Structural Characterization of DRw6 and DC-1 Molecules. Because molecules carrying the DRw6 or the DC-1 determinant are bound by monospecific antisera, they could be separately analyzed for their subunit structure in SDS-polyacrylamide gel electro- 
Radioactivity Ratio between Large and Small Ia Subunits* * 125I-labeled Daudi Ia molecules bound by a given antiserum were subjected to SDS-polyacrylamide gel electrophoresis and radioactivity carried by each of the large and small subunits was determined . Note that the ratios (L/S) are high for DRw6 molecules and low for DC-1 molecules . A mixture of DRw6 and DC-I molecules shows an intermediate value .
determinant . However, when the ratio between the radioactivity counts in the first large subunit peak and in the second small subunit peak (L/S ratio) was calculated, a clear difference between DRw6 and DC-1 molecules was found (Table VIII) . DRw6 molecules gave a high L/S ratio, while DC-1 molecules gave a low L/S ratio. As predicted, molecules bound by antiserum CLB 811 .1 showed an intermediate ratio, while antisera which bind most Ia molecules showed a ratio somewhat lower than DRw6 antisera . Localization of Alloantigenic Specificities at the Subunit Level. The two noncovalently linked subunits of which la molecules are formed were separated by treatment with 1 .0% SDS for 30 min at 56°C, followed by SDS-polyacrylamide gel electrophoresis and elution from the different gel fractions. The peak fractions corresponding to each of the large and small subunits were then allowed to react against rabbit anti-B-cell membrane antiserum and various alloantisera. Despite the strong denaturing conditions used, some antisera still bound to the small subunit . As shown in Table IX , relatively high binding was detected for at least one monospecific anti-DRw6 antiserum (TH 19 Varen 75) as well as with an anti-DC-1 antiserum (Fe 77/43) . Comparatively high binding were given by more complex antisera, like Betz (DRw6 + x specificities), Molimer (DRw6 + DC-1 + x specificities) and CLB 811 .1 (DRw6 + DC-1 specificities) . Rabbit anti-B-cell membrane antiserum showed a 47 .3% binding ofthe small subunit . No antisera gave a significant binding ofthe large subunit except rabbit anti-B-cell membrane serum which showed a 44.8% binding .
Discussion
The aim of this work has been to link information on B-cell alloantigens derived from extensive collection of population data based on serological typing with the information arising from the biochemical analysis of isolated cell membrane components .
From the data presented, the following conclusions can be drawn . conclusion stems from the facts that a high-positive correlation exists between results obtained by complement-dependent cytotoxicity assay and those obtained by Ia direct binding assay with relatively large set of antisera surveyed (Table II) , and that immune complexes from the binding-positive antisera shown in Fig . 2 , when analyzed on SDS-polyacrylamide gel electrophoresis, gave the characteristic pattern of Ia molecules, i.e. a large (32,000 daltons) and a small (25,000 daltons) subunit (Figs. 1 and 5). It cannot be excluded that a few cytotoxicity reactions may have a different molecular basis. In fact, at least three cases of cytotoxicity-positive/binding-negative reactions were found. The reason for this has not been determined yet.
The Ia Binding Reaction Possesses a Sensitivity Comparable to That of the ComplementDependent Cytotoxicity Reaction. The difference in sensitivity between the two tests can be better evaluated on the antisera whose specificity could be well defined, i.e. antiDRw6 antisera and anti-DC-1 antisera . All four anti-DRw6 antisera were strongly and reproducibly cytotoxic and also gave very significant binding reactions. On the other hand, out of 15 anti-DC-1 antisera detected on the basis of their binding peculiarities, only eight gave strong cytotoxic reactions, three gave weak and poorly reproducible reactions, while the other four were completely negative. The inconsistent cytotoxicity in this group of antisera appears to be not due to the class or the low avidity of antibodies but mostly due to the low concentration of the corresponding antigens, i.e. DC-1 molecules, on the surface membrane of Daudi cells (see below) . Antiserum Molimer is also a remarkable example of a strongly binding antiserum (77.8% cumulative binding) and yet completely devoid of any cytotoxic effect on Daudi . This antiserum reacts with DRw6-positive molecules, besides other components (Fig. 2) . In this case, the peculiarity is probably due to the strong predominance of a noncomplement fixing class of antibodies. Such examples have already been described (23, 24) . It is also possible that this antiserum may possess a strong anti-complementary activity .
In general, it appears that anti-la alloantisera have a higher affinity than anti-HLA (A,B,C) antisera (only a minor portion of this latter could be used in binding reactions [20] ) . Thus, the performance of Ia typing by radioimmunoassay seems now possible.
Only 30-35% of the Daudi la Molecules Appear to Carry the DRw6 Determinant. The determination of the proportion of the Daudi la molecules which carry DRw6 specificity was somewhat laborious, due to the rather poor definition of this antigen in the VII Workshop, to the lack of monospecific antisera and to their low affinity.
Three anti-DRw6 antisera behaved very similarly in binding and absorption experiments and the average of the maximum bindings obtained was assumed to express the proportion of the molecules which carry DRw6 specificity . However, the percentage of la molecules bound by these antisera only approached a plateau, without actually reaching it. The mean percentage bound, as obtained by the direct binding assay under standard conditions (overnight incubation at room temperature) with the maximum amount of antiserum used (10 I,1), was 27 .0% (26 .1, 26.1, 28.9) . This was increased to 30.2% (27 .0, 29.2, 34.5) by performing three sequential binding reactions . By increasing the antibody-antigen ratio 10-fold as compared to the standard conditions, the average percent bound became 37.7% (39.8, 39.0, 34.5).
We feel that a figure of 30-35% for the proportion of the la molecules bound by anti-DRw6, while perhaps still being an underestimation, cannot be far from the actual contribution of the DRw6 allele to the Daudi Ia pool. A more definite determination will require either the availability of monospecific antiserum of a high affinity or the recognition of an allele to DRw6 expressed in Daudi .
A New B-Cell Alloantigenic Specificity (DC-1) Can Be Defined on Daudi Cells. This specificity could be precisely defined by the present immunochemical analysis because 15 different antisera were found to recognize the same subset of Daudi Ia molecules . It may appear strange that this antigen was not previously defined by serological analysis at the population level, because it is apparently a frequent specificity of antisera extensively studied in the VII Histocompatibility Workshop . A possible explanation lies in the fact that anti-DC-1 antisera usually appear to contain antibodies against other DR specificities, especially anti-DRwl and DRw2 (see Table  VII ) . The definition of DC-1 with the antisera by purely serological means would have then required extensive cellular absorption experiments . The availability of purified la preparation instead sorted out this specificity relatively easily . Thus, immunochemical approach, coupled with serological studies at the population level, can provide a powerful tool for the genetic analysis of this HLA region .
An additional specificity, DC-2 could be also defined by the immunochemical analysis, but only with complex, broadly reacting antisera. A search for monospecific antisera against this component, as well as other antigenic components which may be present in Daudi cells is in progress.
The DRw6 and the DC-1 Molecules are Probably Controlled by Separate, HLA-Linked Loci. Two lines of evidence support this conclusion, genetic and biochemical, as follows : (a) genetic evidence-both DRw6 and DC-1 are controlled by HLA-linked genes. While there can be little doubt that DRw6 is controlled by the HLA region, the DC-1 specificity also appears to be HLA-linked because it is in linkage disequilibrium with DRw6. In fact, anti-DC-1 antisera studied during the VII Workshop show a high correlation coefficient (r) with DRw6 in the European caucasoid population (Table VII) . If DC-1 and DRw6 were alleles, an opposite result, i.e. a negative correlation would be expected.
Because all antisera shown in Table VII may contain other antibodies, but did not certainly contain anti-DRw6 antibody, the only possible explanation of this correlation is linkage disequilibrium between DC-1 and DRw6, which in turn implies their control by two different closely linked loci. The presence of a third, though less well defined specificity, DC-2, strengthens this two-loci concept .
A possible explanation why a second segregating series has not been evidentiated by the VII Workshop analysis probably lies in the fact that the products of this second locus may be in general poorly immunogenic. This would make infrequent the occurrence of monospecific antisera, because they would be often contaminated by antibodies against more immunogenic DR antigens. We have previously provided evidence for a lower immunogenicity of non-DR, B-cell specificities (25) . An analogy can also be drawn with the HLA-C locus, the discovery and analysis of which has been delayed because of a substantial difference in immunogenicity in respect to the A and B loci (26) . Since the real proportion of DC-1-positive molecules in Daudi la is probably lo%, 4 a further analogy can be established with C locus products, which also seems to be represented in lower amount than A and B loci products (27) .
(b) Biochemical evidence: DRw6 and DC-1 molecules possess a similar two-subunit structure (Fig. 5) . This is compatible either with allelism or with the control by closely linked, homologous loci, coding for the same types of subunits . However, in addition to the above genetical evidence, the fact that radioactivity ratio between the large and small subunits is different between DRw6 and DC-1 molecules suggests presence of differences in the basic structure and favors the linked loci possibility . The difference in radioactivity ratios is apparently due to a relative difference of iodination efficiency of the large and small subunits . It may well correspond to conformational differences in these two kinds of molecules . It may also reflect a difference in the number of tyrosine residues in either the large or the small subunit or in both of the subunits . If we assume that the large subunit is the same in both molecular species, then the data show that DC-1 molecules can incorporate, under the iodination conditions used, 40% more iodine into the small subunit than do DRw6 molecules . We have previously reported a similar finding in iodination of mouse H-2 a antigens (H-2K k and H-2Dd products) ; the large subunit of H-2Kk molecules contained more radioactivity than the small subunit, i.e. R 2-microglobulin while the reverse was true in case of H-2Dd molecules (28) .
The two kinds of molecules also exhibited a marked (about five-fold) difference in papain sensitivity .4 This may recall the differences found among IgG subclasses (29) . Tanigaki , N., R . Tosi, K. Koyama, and D . Pressman . Purification and separation of subsets of human la molecules by papain digestion . Manuscript in preparation .
An analogy may be seen also with the murine system, where la genes belonging to different subregions appears to code for molecules which, though sharing a similar subunit structure, show distinctive structural features (30, 31) .
The Small Subunit Carries Alloantigenic Determinants Controlled by HLA-Linked Loci. This conclusion stems from the binding data obtained in isolated subunits. Despite the extensive denaturation occurring during the isolation procedure and the possible loss of conformational determinants dependent upon subunit association, about 50% of both isolated large and small subunits could be bound by a rabbit anti-B-cell antiserum . Moreover, the small subunit showed a significant level of binding with some alloantisera (possibly endowed with higher affinity) . At least one monospecific anti-DRw6 antiserum was among them. These results confirm our data reported previously (13) . This is direct evidence that the small subunit is coded for by an HLAlinked gene. This finding agrees with the data of Schwartz et al. (32) showing that the small subunit carries la alloantigenic determinants in the guinea pig.
On the other hand, no definite conclusion can be drawn on the large subunit . In spite of its considerable binding activity with rabbit anti-B-cell antiserum, no significant binding was obtained with the alloantisera tested. This failure to react with alloantisera may indicate that the large subunit is a nonalloantigenic peptide which is common to all human Ia molecules, just like the i82-Microglobulin in case of HLA (A,B,C) antigens. Alternatively, it may simply mean that its alloantigenic determinants are more sensitive to denaturation caused by the isolation procedure . There are data showing an homology between human Ia large and small subunits by tryptic peptide analysis (33) . This may or may not be an indication of shared alloantigenic determinants .
In any case, the two subunits should be controlled by unlinked genes, if the rule for dimeric proteins composed of different subunits also holds in this case, as it does for lactic acid dehydrogenase, exoseaminidase A and B, hemoglobin and HLA (A,B,C) antigens. Our previous observation that the large and small subunits differ xenoantigenically one from another and have essentially no cross-reaction favors the concept of unlinked gene control (13) . In fact, evidence from cellular hybridization studies indicates that the loci controlling the two subunits are not synthenic (8) .
In conclusion, the following model is proposed: two HLA loci code for homologous, but distinct forms of the small la subunit . One of these is the DR locus; the second locus controls the DC-1 specificity in Daudi cells. The two loci are in linkage disequilibrium and thus they must be very close on the HLA region . The large subunit is probably controlled by an HLA-unlinked locus . This conclusion needs confirmation by genetic tests at the family and the population level.
Summary
The immunochemical analysis of Daudi la molecules by a variety of alloantisera led to the recognition of at least three molecular species carrying different antigenic determinants : DRw6, DC-1, and DC-2.
Genetic as well as structural evidence indicates that DRw6 and DC-1 molecules are controlled by separate, HLA-linked loci, rather than by alleles at the same locus. The alloantigenic determinants appear to be expressed on the small Ia subunit .
DC-1 and DC-2 determinants discussed had not been defined by serological analysis at the population level, but were demonstrated to be present by immunochemical analysis at the molecular level .
